For pneumococcal disease surveillance, simple and cost-effective methods capable of determining all serotypes are needed. Combining a single-tube multiplex PCR with fluorescently labeled primers followed by amplicon analysis using automated fluorescent capillary electrophoresis, each serotype of 92 reference isolates and 297 recently collected clinical isolates was successfully determined.
(see PCR mix preparation, amplification conditions, and readout in the supplemental material). The design of the primers for the multiplex PCR was performed so that the size of two consecutive amplicons representing two different serotypes differed by ϳ10 bp (range, 8 to 22 bp). Expected amplicons were arranged by size, from 84 to 650 bp, and forward primers were alternatively 5= end labeled with three different dyes (FAM, HEX, NED). Consequently, two consecutive amplicons labeled with the same fluorescent dye had a size difference of ϳ30 bp (range, 20 to 48 bp), easily distinguished by capillary electrophoresis ( Table 1) .
The reference isolates of the 92 serotypes tested gave 55 amplicons of the expected size, except for the reference isolate of serotype 6C (a well-characterized clinical isolate) that amplified the wciNbeta gene specific for serotypes 6C and 6D but not the common wzy gene of all serotypes of serogroup 6. Of the amplicons obtained with the 92 reference isolates, 31 identified a specific serotype, 20 serotypes of the same serogroup, and 4 serotypes of different serogroups.
The capsular serotypes of all the 297 pneumococcal clinical isolates were correctly deduced using FAF-mPCR. Of these, 187 (63%) were identified at the serotype level; of the remaining isolates, 66 (22.2%), 31 (10.5%), 4 (1.3%), and 9 (3%) gave an amplicon that comprised 2, 3, 4, or 5 serotypes, respectively (Table 2) .
Since the pneumococcal capsular genes were described, there have been multiple molecular approaches to determine pneumococcal serotypes. In our work, we proved that at least 92 serotypes can be accurately determined in a single-tube multiplex PCR after establishment of their specific sizes and the colors of their fluorescent peaks. The methodology described here has been proved by other researchers to be useful for determining 68 pneumococcal serotypes (18) . The limitation of this method is the need of a capillary electrophoresis system or a DNA sequencer capable of measuring the peaks of the amplicon of each serotype, which can hinder the utility of the technique. Another limitation is the inability to distinguish between serotypes with similar wzy genes, although much fewer Quellung reactions are needed to determine the specific serotypes. On the other hand, the FAF-mPCR was faster, easier, and more objective than the Quellung reaction for pneumococcal serotyping. In addition, it was clearly cheaper, even excluding the personnel cost, which is obviously much higher in the Quellung reaction, because FAF-mPCR allowed the processing of batches of samples. The cost for one typing, adding the prices for one reaction of the 55 pairs of labeled primers (1.75 euros), multiplex PCR reactive isolates (1.25 euros), and capillary electrophoresis (1 euro), was ϳ4.5 euros for each isolate, including consumables (0.5 euros). No labor costs were included in this calculation. The cost of the Quellung reaction, excluding labor costs, was estimated at ϳ17 euros ($21.25) (20) . Another advantage, compared to other multiplex PCR techniques, is the possibility of amplifying all serotypes in a unique PCR, which opens the door to simpler detection methods, such as hybridization, for an easier and more user-friendly technology.
Multiple studies have been and are being conducted regarding the efficacy of the PCVs, for which determination of the serotypes causing disease is imperative (21, 22) . Other studies have focused on the changes in serotypes carried by children (23) . In the present work, we observed that among 297 pneumococcal clinical isolates collected between 2013 and 2015, only 110 (37%) belonged to 13-valent PCV (PCV13) serotypes. In addition, as many as 36 different serotypes were detected. This heterogeneity in serotype distribution necessitates the development of simpler techniques that allow the serotyping of multiple isolates in an accurate and objective way in an era in which personnel costs have the greatest impact on the final price of the techniques. 
